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APPARATUS AND METHOD FOR 
ANALYZING PROJECTED IMAGES, SINGLY 

AND FOR ARRAY PROJECTION 
APPLICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. provisional 
patent application No. 60/047,258, ?led May 21, 1997, the 
contents of Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to an analyZer and feedback 
device and method for enhancing the quality and appearance 
of the projected image. 

BACKGROUND OF THE INVENTION 

Devices and methods for manipulating the brightness of 
an image are knoWn. Examples of such systems include the 
one disclosed in US. Pat. No. 5,136,390 (“the ’390 patent”), 
the contents of Which are incorporated herein by reference. 
The system in that patent alloWs the brightness of an image 
to be precisely adjusted from detail element to detail element 
across an entire video image. Coarse adjustments can be 
made to parameters of the brightness ramping curve, While 
?ne adjustments can be made for speci?c detail elements to 
correct artifacts generated by the video components. 

In one embodiment, the system disclosed in the ’390 
patent encompasses a method for smoothing the brightness 
of tWo adjoining overlapping video images produced from 
tWo discrete video signals Which each have a plurality of 
detail elements each With a brightness component. The 
method comprises applying a predetermined set of smooth 
ing factors to the brightness components of the detail 
elements of the tWo signals, projecting the images as modi 
?ed by the smoothing factors onto a display, modifying 
selected smoothing factors in response to the appearance of 
the projected display, and, ?nally, storing a representation of 
the smoothing factor modi?cations. 

UtiliZing the features disclosed therein, the system of the 
’390 patent enables a seamless multiple video image display 
to appear more consistent and uniform in brightness than a 
conventional single video image display. As a result, it is 
useful not only for displays With multiple overlapping video 
images, but also for smoothing the brightness of a single 
video image. 

It some applications, it may be desirable to have a system 
in Which the projected image is analyZed, and an array 
created of the brightness components of the projected image. 
The data in the array can then be used to automatically or 
manually modify selected smoothing factors in response to 
the appearance of the projected display, thereby enhancing 
the quality and appearance of the projected image. 

SUMMARY OF THE INVENTION 

There is therefore provided according to a presently 
preferred embodiment of the present invention, an apparatus 
and method for analyZing the brightness characteristics of a 
projected image and using the analyZed characteristics to 
improve the appearance of the projected image. In one 
embodiment of the invention, the brightness characteristics 
of the projected image are analyZed at selected points across 
the raster of the image. An analysis array or array of data 
elements including brightness components corresponding to 
detail elements is then generated. The data elements in the 
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2 
array are then used to create compensation signals that are 
applied to the projected image through, for eXample, an 
overlay of smoothing factors as described in the ’390 patent, 
to enhance the quality or appearance of the image by 
improving the regularity of brightness in all areas of the 
image. This regularity of brightness across the full span of 
the image is useful as a general improvement to the image 
and as a compensation for projector or projection surface 
brightness anomalies. In arrayed projection applications, 
central hot spotting, edge vignetting, electron beam or light 
source misalignments all can detract from evenly displayed 
images and all can bene?t from the application of compen 
sation that depends on an analysis array of the projected 
image. 

DESCRIPTION OF THE DRAWINGS 

These and other features of the present invention Will be 
better understood in light of the folloWing detailed descrip 
tion read in conjunction With the accompanying draWings, 
Wherein: 

FIG. 1 is a general block diagram of an exemplary system 
according to the present invention that utiliZes an analyZer 
and feedback device and method for improving the appear 
ance of a projected image; 

FIG. 2 is a diagram of a system utiliZing a spotmeter to 
analyZe the projected image according to one embodiment 
of the present invention; 

FIGS. 3a—c illustrate three different arrangements of 
targeted sampling areas for analysis by light sensitive 
devices for the purpose of creating an analysis array of 
projector brightness characteristics as delivered to the pro 
jection screen; 

FIGS. 4 and 4a are diagrams of a system utiliZing a CCD 
camera to analyZe the projected image according to another 
embodiment of the present invention; 

FIG. 5 is a diagram illustrating the operation of the CCD 
camera analyZer embodiment of FIG. 4; 

FIG. 6 is a block diagram illustrating the steps of the 
analysis array generation process using animated pattern 
areas to map a CCD camera image on to the projected 
image; 

FIG. 7 is a diagram of an alternate embodiment of a 
system for mapping a CCD camera image on to the projected 
image; 

FIG. 8 is a diagram of a system utiliZing a photometer to 
analyZe the projected image according to still another 
embodiment of the present invention; and 

FIG. 9 is diagram of a multiple projector overlapped, 
blended seamless image display observed by a single CCD 
camera for purposes of de?ning analysis arrays for each of 
the individual projectors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the present invention generally 
involves detecting and analyZing a projected image on a 
screen (block 20), creating an analysis array based on the 
analyZed image (block 22) and controlling a projector or 
other image producing device to alter the brightness of the 
projected image as a function of the data in the analysis array 
(block 24). In practice, the brightness components of the 
projected image may be detected using any one of a number 
of suitable techniques. The analysis array includes data 
elements including readings of brightness from speci?c 
geometrically de?ned areas of the projected image. The data 
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elements in the array can then be used to derive smoothing 
factors to alter the brightness of the image projected on the 
screen to enhance the appearance of the projected image. 

Referring to FIG. 2, a system according to one embodi 
ment of the present invention includes a projector 30 and 
computer 38 for throWing a grid pattern 32 of individual grid 
items 33 on to the projected image 34. A spot meter 36 is 
aligned With the grid. The spot meter can be manually or 
automatically adjusted to read and record the brightness of 
the image on each of the grid items. In operation, the grid is 
displayed, the meter centered on the appropriate grid item 
and the image is then replaced by the desired content for 
analysis, typically a solid color or luminance large enough to 
?ll the acceptance angle of the meter. The actual analysis at 
individual sampling points is preferably by light sensitive 
metering in each color channel of the projected image. The 
detected brightness components from the spot meter are 
sequentially loaded into a computer 38 for generating the 
data elements of the analysis array for the image. Once 
accomplished, the neXt grid item is targeted until the analy 
sis of each of the grid items is completed. 

Referring to FIGS. 3a—c, various grid patterns are shoWn 
to facilitate accurate detection of brightness components 
across the image for creation of the analysis array. The 
illustration shoWs a typical 3:4 aspect image With differing 
sampling points indicated. In FIG. 3a, for eXample, there are 
three evenly spaced grid items across the top of the image, 
three across the middle of the image, and another three 
across the bottom of the image. This type of pattern can be 
used for a coarse brightness adjustment. In FIG. 3b, four 
more points are added to that so instead of nine grid items, 
there are 13 grid items and corresponding spots being read. 
In FIG. 3c, there are four grid items projected across the top 
of the image, four across the upper mid-portion, ?ve across 
the center, four across the loWer mid-portion and so on. Each 
type of grid pattern accordingly creates a different number of 
sample and detail points. It Will be understood that the 
sample points may be laid out on a X/y grid across the 
projection raster as shoWn or may folloW other geometries. 
More numerous sampling points may be accessed by the 
analyZer up to the highest resolution of the display. 

Referring to FIG. 4, another method for analyZing the 
projected image involves coordinating a camera-like sensor 
With the full raster of the display. In this embodiment, it is 
also possible to put the camera arbitrarily anyWhere that it 
could vieW the entire raster. The observing sensor, prefer 
ably a CCD imaging array sensor in a sensitive video camera 
40, is focused on the projected image from the projector 42 
and geometric discrepancies are resolved by suitable process 
for any siZe, parallax, skeW, curvilinear distortion or key 
stoning (trapeZoidal distortion) by remapping elements of 
the camera image 44 to corresponding X/y analysis array 
registers. In this application, the CCD camera is considered 
to be an X/y array of individual light sensors. The camera’s 
automatic gain, contrast, brightness and gamma circuits are 
adjusted to report absolute sensitivity to light. The result is 
that the geometric regularity of the original raster and the X/y 
analysis array are coordinated in spite of graphic distortions 
of the projected raster as perceived by the CCD. 
As shoWn in FIG. 4a, the camera image 44 shoWn on the 

monitor 46 is quite distorted. This may occur, for eXample, 
because the projected image may be on a curved surface and 
the CCD camera off to the side at an oblique angle. As such, 
the camera image Would see the screen in perspective 
including its curvilinear distortion. On a rectangular repre 
sentation of the array, each point on the image corresponds 
to a point on the rectangular array. 
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4 
There are several different Ways of mapping the camera 

image on to the projected image in order to create a useful 
array. In the presently preferred embodiment illustrated in 
FIGS. 4—6, a control computer 50 sequentially illuminates 
small portions of the projector image beginning With a ?rst 
pattern area 52 (block 80, FIG. 6). It creates a sequential 
animated pattern that steps through all areas (e.g., 54, 56) of 
the projected image that correspond to the registers of data 
on the analysis array (block 82, FIG. 6). At the same time the 
computer is observing the image from the camera and 
derives its brightness information only from the area of 
camera piXels illuminated by the pattern shoWing from the 
projector. Arecord of the graphic areas of the camera image 
are stored that account for and coordinate the camera’s 
image to the registers of the analysis array 52, 52‘, 54, 54‘ 
(FIG. 5) (block 84, FIG. 6). Each small area of the camera’s 
image is thus analyZed and de?ned as being appropriate to 
one register in the analysis array (blocks 86, 88, FIG. 6). The 
control computer then increments the pattern position and 
array data point (block 90, FIG. 6) and displays a neW 
pattern area (block 92, FIG. 6) until the entire analysis array 
is generated. 

Referring to FIG. 7, another Way of remapping the camera 
image is to display the camera image 96 and projected image 
98 side by side on the computer monitor 100 and manually 
remap the image. This could be done, for eXample, by 
pointing to different parts of the camera image on the 
computer monitor using a mouse and then clicking on the 
corresponding point of the projected image. The user Would 
sequentially click on each of the corners of the camera image 
102, 104, 106, 108 and corresponding corners of the actual 
image 102‘, 104‘, 106‘, 108‘ to coordinate the image that the 
camera is generating With the actual screen image. Addi 
tional corresponding image areas 110, 110‘ could be marked 
by clicking on corresponding easily identi?able features of 
each of the images. In another embodiment, one could draW 
the outline of the camera image area, and through a mor 
phing program ?atten the distorted image out onto the 
rectangle. In essence, in each case, the system forces a 
one-to-one correspondence. Each small area of the CCD, 
Which might be as small as a feW piXels or less, is eventually 
coordinated to its appropriate point on a rectangular array. 
Thus, a distorted image can be read, and a nondistorted 
analysis array can be derived. 

Referring to FIG. 8, in yet another embodiment of the 
present invention, a sequence of display patterns 122 gen 
erated by a control computer 124 is projected onto the screen 
by the projector 126. An ultra sensitive photometric device 
128 in environmentally dark conditions is directed toWards 
the screen for sampling the display patterns. The siZe of this 
sampling area may be the smallest detail element the pro 
jector is capable of de?ning or as large as is desired. The 
pattern generator used in this application Would thus be 
creating an animated, sequential pattern of pattern areas With 
the purpose of sequentially illuminating (or depriving of 
illumination) speci?c areas of the projected raster in a 
prescribed sequence, thus appropriately de?ning desired 
analysis points for the construction of an analysis array data 
set. 

In this application, the light impinging on the photometer 
is read directly Without imaging, and the X/y coordinates of 
the test detail point on the imaging raster serve as the 
indicator of the appropriate position for the resulting data 
elements to be associated With in the analysis array. 

Referring to FIG. 9, multiple projectors operating as a 
coordinated array of image components present unique 
challenges for analysis. Here, the challenge is not just to 
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improve the individual image but to balance the group of 
projectors to a more closely regulated behavior. Since the 
projection array’s individual elements are portions of a 
larger image, discrepancies from individual projectors shoW 
up as ?aWs in the overall image. Clearly, the ability to cause 
all projectors to behave similarly is a very desirable capa 
bility. 

In this application the individual projector’s analysis 
arrays are coordinated to achieve a common result. To 
achieve this result an additional form of brightness analysis 
may be employed. In a presently preferred embodiment, a 
CCD type array brightness sensor is trained on the full image 
achieved by the several projectors to create a camera image 
140. In this case the individual proj ectors’images are located 
Within the CCD’s sensor array map and identi?ed. Analysis 
arrays 142, 144, 146 are then generated for each of the 
projected images. 

Individual projectors are analyZed and the least capable 
projector is determined after all have been optimiZed by 
applying the data from each projector’s analysis array (block 
24; FIG. 1). The remaining projectors are further controlled 
to match the performance of this “Weakest” device. Thus 
maXimum brightness, contrast, gamma, color and tint on all 
of the projectors Will appear identical. 

In the case of overlapped, blended image displays 148 
from multiple projectors, the data the observing CCD cam 
era’s sensors acquire include the overlap regions 150, 152 
common to tWo or more projectors. The data in this area of 
the image Will facilitate the balancing of the brightness 
manipulations that result in a seamless displayed image. As 
adjustments in the blended, overlapped region are made, the 
observing CCD camera provides both empirical data and 
visual feedback of the adjustment re?nement. 

After the blended multi-projector image has been 
achieved, a animated pattern sequence can be displayed as 
described above With respect to FIG. 4—6 that veri?es the 
performance of the overall image or detects remaining 
discrepancies in the blended image. 

Once constructed, the analysis array is the database upon 
Which an automatic coordination of multiple projector dis 
play characteristics may be built. Additionally, the analysis 
array of a multi-projector, overlapped, blended projections 
can serve as the database from Which automatic projector to 
projector blending may also be facilitated. Compensation 
signals can be generated in the form of modi?ed smoothing 
factors or smoothing curves to affect the incoming source 
image that is being displayed. Several methods for adjusting 
the brightness of the images for seamless edge blending are 
described in US. Pat. No. 5,136,390. In one method, an 
enhanced image is achieved by imposing a layer of smooth 
ing factors over the image source that compensates for the 
myriad of electronic and physical artifacts that may interfere 
With the projection system’s ability to present evenly illu 
minated images on screen. 

It Will be understood by those skilled in the art that the 
above described embodiments are merely illustrative of 
circuits that may be used to implement the present invention. 
What is claimed is: 
1. Asystem for altering brightness of an arrayed projected 

image, the arrayed projected image comprising a plurality of 
projected images, each projected image being generated by 
one of a plurality of projectors, the system comprising: 

means for detecting the arrayed projected image; 
means for creating an analysis array including data ele 

ments corresponding to the brightness of selected por 
tions of the arrayed projected image; and 
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6 
means for controlling the plurality of projectors as a 

function of the data elements in the analysis array to 
alter the brightness of the arrayed projected image, 

Wherein each projected image has red, green and blue 
color components, and 

Wherein the means for detecting the arrayed projected 
image comprises: 
means for generating a grid pattern comprising indi 

vidual grid items, each individual grid item identi 
fying a sampling area of the arrayed projected image; 

means for projecting the grid pattern onto the arrayed 
projected image; and 

means for reading the brightness of the sampling area 
identi?ed by each grid item. 

2. The system of claim 1 Wherein the means for reading 
the brightness of the sampling area comprises a light sen 
sitive metering apparatus having means for measuring the 
brightness of each color component of the sampling area. 

3. Asystem for altering brightness of an arrayed projected 
image, the arrayed projected image comprising a plurality of 
projected images, each projected image being generated by 
one of a plurality of projectors, the system comprising: 
means for detecting the arrayed projected image; 
means for creating an analysis array including data ele 

ments corresponding to the brightness of selected por 
tions of the arrayed projected image; and 

means for controlling the plurality of projectors as a 
function of the data elements in the analysis array to 
alter the brightness of the arrayed projected image, 

Wherein each projected image has red, green and blue 
color components, and 

Wherein the means for detecting comprises means for 
creating a camera image of the arrayed projected 
image; and the means for creating comprises means for 
remapping selected portions of the camera image to the 
analysis array. 

4. The system of claim 3 Wherein the means for creating 
a camera image comprises a camera having means for 
focusing CCD sensors on the arrayed projected image. 

5. The system of claim 3 Wherein the means for remap 
ping comprises: 

means for choosing a portion of the camera image, 
means for reading the brightness of the chosen portion of 

the camera image; and 
means for entering data elements corresponding to the 

brightness of the chosen portion into a corresponding 
register on the analysis array. 

6. The system of claim 5 Wherein the means for choosing 
comprises a computer having means for displaying the 
camera image and the arrayed projected image side-by-side 
on a display, the computer further including means for 
selecting a part of the camera image and a corresponding 
part of the displayed arrayed projected image for creating a 
one-to-one correspondence betWeen the camera image and 
the arrayed projected image. 

7. Asystem for altering brightness of an arrayed projected 
image, the arrayed projected image comprising a plurality of 
projected images, each projected image being generated by 
one of a plurality of projectors, the system comprising: 
means for detecting the arrayed projected image; 
means for creating an analysis array including data ele 

ments corresponding to the brightness of selected por 
tions of the arrayed projected image; and 

means for controlling the plurality of projectors as a 
function of the data elements in the analysis array to 
alter the brightness of the arrayed projected image, 
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wherein each projected image has red, green and blue 
color components, and 

Wherein the means for controlling comprises means for 
creating modi?ed smoothing factors for application to 
video signals used to generate the projected images of 
the arrayed projected image. 

8. Asystem for altering brightness of an arrayed projected 
image, the arrayed projected image comprising a plurality of 
projected images, each projected image being generated by 
one of a plurality of projectors, the system comprising: 

means for detecting the arrayed projected image; 
means for creating an analysis array including data ele 

ments corresponding to the brightness of selected por 
tions of the arrayed projected image; and 

means for controlling the plurality of projectors as a 
function of the data elements in the analysis array to 
alter the brightness of the arrayed projected image, 

Wherein each projected image has red, green and blue 
color components, and 

Wherein the projected images comprise multiple adjoining 
and overlapping video images produced from multiple 
projectors, each video image being associated With a 
separate analysis array, the system further comprising: 
means for analyZing the projectors for determining a 

least capable projector; and 
means for adjusting the projectors to match perfor 
mance of the least capable projector thereby creating 
more uniformity in the performance of the projec 
tors. 

9. Asystem for altering brightness of an arrayed projected 
image, the arrayed projected image comprising a plurality of 
projected images, and having a brightness component, the 
system comprising: 

a computer for generating a sequence of display patterns; 
a plurality of projectors, each projector for generating one 

of the projected images, each projected image having 
red, green and blue color components, the projectors 
being coupled to the computer for sequentially project 
ing each display pattern onto the arrayed projected 
image, each display pattern illuminating a speci?c area 
of the arrayed projected image; 

a photometric device coupled to the computer for sam 
pling each illuminated area and transmitting data ele 
ments corresponding to the brightness on the area to the 
computer for input into an analysis array; and 

means coupled to the computer for creating compensation 
signals to modify the brightness component of the 
arrayed projected image based on the data elements in 
the analysis array thereby enhancing the quality and 
appearance of the arrayed projected image. 

10. A method of altering brightness of an arrayed pro 
jected image, the method comprising the steps of: 

detecting the arrayed projected image, the arrayed pro 
jected image comprising a plurality of projected 
images, each projected image having red, green and 
blue color components; 

creating an analysis array including data elements corre 
sponding to the brightness of selected portions of the 
arrayed projected image; and 

controlling a plurality of projectors as a function of the 
data elements in the analysis array to alter the bright 
ness of the arrayed projected image, 

Wherein the detecting step comprises: 
overlaying a grid pattern image comprising individual 

grid items onto the arrayed projected image, each 

8 
individual grid item identifying a sampling area of 
the arrayed projected image; 

aligning a light sensitive metering apparatus to each 
individual grid item; and 

5 utiliZing the metering apparatus to read the brightness 
of each sampling area identi?ed by the grid item for 
input. 

11. A method of altering brightness of an arrayed pro 
jected image, the method comprising the steps of: 

detecting the arrayed projected image, the arrayed pro 
jected image comprising a plurality of projected 
images, each projected image having red, green and 
blue color components; 

creating an analysis array including data elements corre 
sponding to the brightness of selected portions of the 
arrayed projected image; and 

controlling a plurality of projectors as a function of the 
data elements in the analysis array to alter the bright 
ness of the arrayed projected image, 

Wherein the detecting step comprises focusing a sensor on 
the arrayed projected image for creating a camera 
image, and the step of creating comprises remapping 
portions of the camera image to the analysis array. 

12. The method of claim 11 Wherein the step of remapping 
comprises: 

illuminating an area of the arrayed projected image, the 
area corresponding to a register on the analysis array; 

identifying a corresponding area in the camera image; 
associating the area in the camera image to the register on 

the analysis array; and 
entering data elements corresponding to the brightness of 

the area in the camera image into the register. 
13. The method of claim 11 Wherein the step of remapping 

comprises: 
displaying the camera image and the arrayed projected 

image side by side on a display; 
sequentially selecting a part of the displayed camera 

image via an input device; 
selecting a corresponding part in the displayed arrayed 

projected image via the input device, the corresponding 
part being coordinated to a register on the analysis 
array; and 

entering data elements corresponding to the brightness of 
the selected part of the displayed camera image into the 
register. 

14. A method of altering brightness of an arrayed pro 
jected image, the method comprising the steps of: 

detecting the arrayed projected image, the arrayed pro 
jected image comprising a plurality of projected 
images, each projected image having red, green and 
blue color components; 

creating an analysis array including data elements corre 
sponding to the brightness of selected portions of the 
arrayed projected image; and 

controlling a plurality of projectors as a function of the 
data elements in the analysis array to alter the bright 
ness of the arrayed projected image, 

Wherein the detecting step comprises: 
generating a sequence of display patterns; 
sequentially projecting each display pattern onto the 

arrayed projected image, each display pattern illu 
minating a speci?c area of the arrayed projected 
image; and 

sampling each illuminated area for entering data ele 
ments corresponding to the brightness of the area 
into a corresponding register on the analysis array. 

25 

35 

55 

65 



US 6,483,537 B1 

15. A method of altering brightness of an arrayed pro 
jected image, the method comprising the steps of: 

detecting the arrayed projected image, the arrayed pro 
jected image comprising a plurality of projected 
images, each projected image having red, green and 
blue color components; 

creating an analysis array including data elements corre 
sponding to the brightness of selected portions of the 
arrayed projected image; and 

controlling a plurality of projectors as a function of the 
data elements in the analysis array to alter the bright 
ness of the arrayed projected image, 

Wherein the controlling step comprises creating compen 
sation signals in the form of modi?ed smoothing fac 
tors to alter the brightness of the arrayed projected 
image based on the data elements in the analysis array. 

16. A method of altering brightness of an arrayed pro 
jected image, the method comprising the steps of: 

detecting the arrayed projected image, the arrayed pro 
jected image comprising a plurality of projected 
images, each projected image having red, green and 
blue color components; 

creating an analysis array including data elements corre 
sponding to the brightness of selected portions of the 
arrayed projected image; and 

controlling a plurality of projectors as a function of the 
data elements in the analysis array to alter the bright 
ness of the arrayed projected image, 

3 
Wherein the projected images comprise multiple adjoining 

and at least partially overlapping video images pro 
duced from multiple projectors, each video image 
being associated With a separate analysis array, the 
method further comprising the steps of: 
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analyZing the projectors for determining a least capable 

projector; 
adjusting the projectors to match performance of the 

least capable projector thereby creating more unifor 
mity in the performance of the projectors; and 

creating a composite analysis array of the arrayed 
projected image to further alter the brightness of the 
arrayed projected image thereby enhancing the qual 
ity and appearance of the arrayed projected image. 

17. A method of altering brightness of a projected image, 
the projected image comprising multiple adjoining and at 
least partially overlapping video images produced from 
multiple projectors, the method comprising the steps of: 

(A) detecting the projected image; 
(B) creating an analysis array for each video image 

including data elements corresponding to the bright 
ness of selected portions of the video image; 

(C) controlling each projector as a function of the data 
elements in the corresponding analysis array to alter the 
brightness of the corresponding video image; 

(D) analyZing the projectors for determining a least 
capable projector; and 

(E) adjusting the projectors to match performance of the 
least capable projector thereby creating more unifor 
mity in the performance of the projectors. 

18. The method of claim 17 further comprising the step of 
creating a composite analysis array of the projected image 

0 after steps have been performed to further alter the 
brightness of the projected image thereby enhancing the 
quality and appearance of the projected image. 

* * * * * 


